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Optimum Acceleration for Rapid Convergence
to Final Speed of a Free-Running Model

By

Makoto KAN and Toshihiko SARUTA

Abstract

When self propulsion tests both in still water and in waves are carried out in the basin
without a towing carriage like Mitaka No. 1 Ship Experiment Tank (L X B =80m X 80m),
there is a problem that the test data with high accuracy can not be obtained because of
the restriction of the effective water area. In order to solve this problem the method of
the optimum acceleration of the model for the rapid convergence to a final speed using the
propeler is proposed and it is shown that the test data of high accuracy are obtained by
means of the proposed method.

The equation of motion for the accelerated model and its solution are expressed
analytically and the characteristics of the accelerated motion are discussed with relation
to the propeller characteristics, self propulsion factor, resistance and virtual mass of the
model.

Several methods for evaluating the optimum time of the acceleration by the propeller
are presented and it is shown that the agreement between the evaluation and experiments
is satisfactory.

The accelerated motion of the model in waves is also examined and the optimum
acceleration time is shown to be shorter than that in still water.

The difference between a container ship and an ore carrier concerning the character-
istics of the accelerated motion is examined and it is concluded that the optimum
acceleration time of the ore carrier requires two or three times as long as that of the
container ship in normal sea speed respectively, and that the ore carrier is more affected
by the added resistance due to waves than the container ship.

43

6. BEEHIIHNL7TRTZT 2 PIKE D

B k BENERS O/ — 2 > F OB L —
1. Fzinrs 6.1 Foke
2. 7’0&?@‘@073“%&@%?&% 6.1.1 BEMEMREOERRY, SHET S Kk
3. TURTHEED S LHEDERE 6.1.2 7O~TREr | OEIERAH, L HEET
4. IEERAROE HER 3 Hik
5. BB 6.1.3 7oTREY | OEMERAS, L HEET
* SEENEEEE

FERSAT | BEF0594 8 A31H

(43)



44

51
6.1.4 7oTHELLOEUEER»LEET
LSk 2
6.2 BRWH

7. BENCHL7TTRT T A FAHNE D
RIEINE R OB — LA R DB E—

8. FioH
BE
1148%1.
£

5% 2.

HLEFE i EOEH S 17T — 5 BT

MO MEEE D HREAD
1. ¥ X » =&

LATOZMEE 1 MHRBRAE (BEX -5 E2=80
mXx80mX4.5m, LIEAKELEEEETS) ok Hics
SIGHED L\ KT HMIERANC L 2 RREOEARER
AT &, BEROE N —EICh 2RI KENE
KB ZFENE-TLE - T, BENBWERZ TV
RSV EW)RIBEYH 5, I ICB L Tk n B
REFBNL ) ETBHEE D, TuURTOFEEIC L
STEETHRBZHBL LS X T5358, Hbviz R
MAE P OERN & 5 I2E#IEL 2 RETERB O
T—=0%0RETLHEL LR, TOBMBERBENA
KEIIBT2EBRBE LOBAOVE2THY, RIE
EVUEBENL TRESLVEREM EORETH
%,

TR, HAWERMONMEN 2 BB T 2REDOR W
TELRZ2 Y —H BRI IEAINIL, EhE 7
4= K3y 7 L CHEEIR O B8R IC BB 2 21,
TEHRTERMICEEENIGETSL5L, 20
RIZLBEIZG L C, BEH—EH@T), Prr—s
i, Fldl o b—MIX I U 2L —1 g
COREICEN PR B RELT, ZOMBIIREI N

PLLEIONDD, BEZNL ) Ak RAAI LV E v

HErE s,

ZFIT, ZITIHL- LV BBICERTE L HiEs
LT, BRBEIEMO T 2T 25 20EIc & - T,
WA A TE TR ERREICEER VS 200
BB ALE IS 2V TRET L 72 BBhndEE & v 5 i,
7Tu7 EE#HMROGIRBE N T E 3721 E v EE
BT—ERMOE S TEEMAZILEL, BE®RHIZ
ELBMIC, 20 BEENICHET 3 AR EE
EBFTEEL TEET S L 5 BBROBETH 2,
LaLl, ZZTCRENLH—2FAL W L %080

(44)

BIZLT2DTHLe5H, BEFERICEL B -
WODIZHL W &Ik D, FEEEICHIET
27uxXJAEHE VI DL, ERENCIIH L LVWD
PERTHD. AKEIZEITLERTIE, R—RKET,
AEENAEZ TEHMEL, BEENIIHNT2EEZN
BI2EV ) HEEZBELE->TV505, HLIHEL
TRENEKE RIS A NERERY 520 L &
12, MR 2 BOBIEICEXETE B 008 ) Y, EBR
BMEORS > ThHD, ZoR#EEIZ, MEEEEK
T7aXZ 2B LEHHTH L, HERER TRELIC
HEEDENGETHETORMNZ L THEH, M
BrHFERIC L bHEED, BITHRICEERT
R BOENERBOERE L HBEHR —KT 52
EHY, FLREBPEROBEDORBEIEREICS
WTH—ENHREIR LN, SHOAKEIIBITLE
BREOHEICEETLILNEEZLNLDT, I
LOREHERIC OV T TR~ 3,

2, 7aXRFMEDLWFEDOERERG
BEAENLWAKEIZEIT L BRARTIE, B

BB OKE R B B Ic T O~ S R A e

mEH L ) BYRER T —ERHEET W) 2 &
MLREZ LD, LarL, PANHCERL TWlE
REME I ORFEICE 2T ) L 2R RH AL IR
ZEDL, ATRAIRILIOKEENEL LD L%
BaelTongTcoAKEIcBITsAMABRTIE, 7
TS RGERIC & A EAMOMEIZITHLT, RS LK
FEEBETRESEHRICENIERET LN 2ED
, BECEFTHEMCHLHT A2 NICERZ L
WO HENKELNTER,

Fig. 1 3AKETIT -2 52 2> 7 HHEER D EK
FEHMARBRICBITA2@25 2}, Ay, AEHK R
UOEEMELOMBY, Ef, HEOTHEN—BITH
b, ZHUI7eRSHMBICL ZMEZLAT> Tk
WHEANBITH B, FTHLEBETHEMZ2BED
MEAETIIINEREDLVERE LB, QR ()
o weigismE s B O RRKTH Y, RLMESIL
AL Ty, ()DHERX THEFRIEB 51765
BN L ZATERRBDLODEIEL L 2BESD, K
DEFDEDLIDFTAFIZA L, P IDBELTW
BLEIAHIIHBL TS, ZHDATA M EHEETS
B E TOEMLEEOKDL ) DFHIZ, AKEDERK
HEITELN2LNTHY, AKEOKEZ>BRKBEA
B - T 3 2 LMD & DX IS A 5 ¥ 5, Fig.




kgm
01

L

0.05

10
rps

. 10 sec
| ! | | — |

Steering Point

(a) thrust, torque, revolution

45

2 BEAMER OB S OVLTRIBO &R 2 R/ 72
LOTH B, EBERAMOBEESLEBFIIRALTH2
ZEHH B,

Fig 1oz 72, b7, EHo k5 L ERTGED
BE INODEIEEL 2 EA LB ikt
THaH, ZhlboiEfFEhringvoTtty 28T
REORD ) DHFOMERHA L »Twa, Fig.3mo0
Fl, AFl, DEMIZINSDEER 705 g+ %
WKLTRLZLDTHD, ERIZEZNLDFHRY Y &
ZHERTLNTHL, —F, OF, AFl, S -—
FEMTHEALRIE, BL a7 HMER % #- T,
ZREIMMABRKE (B -8 - BEX=150mX7.5
mX3.5m, LligPKE LSS 2) I W THERE
B Ik 2 BMAR LT, HAMARENES N
HLTRDLHEERAIZLDTH D, ZOHEIE, 7
TrTRERNL CHSIGETHERLRENDES
TEEXE TS 777 %5 L THMIKE 28
HORMAKEICE T2 BBBEL L 0 BMRER RS

TEST NO.= 489 tBdr 6729 15: 3 )
CONTAINER SHIP SR12ZS (5M MODEL)

Wave Maker

~— Steering Point

\—Wave Maker

'
(SEC) 10w

CDEG) DIRECTION

{

e
1| — L] sa (SEC) 180
|||
1LI

Fig

(b) trajectory, speed, direction

1 Example of record of self-propulsion test of a container ship in still water
(ne= 8 rps, FN=10.18, without acceleration)
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Fig. 2 Example of record of self-propulsion test of an ore carrier in still water
(ne=28.5rps, FN=0.21, without acceleration)
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Fig. 5 Example of record of self-propulsion test of a container ship in wave
(A/L=1.1, h=7.5cm, x=150; FN=0.21, without acceleration)
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Example of record of self-propulsion test with over-acceleration

(container ship, in still water, FN=0.18, n.=8rps, 5n,=15rps, S=13sec)
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Table 1 Estimated values of @« and £ (container ship and ore carrier)
ITEM CONTAINER SHIP ORE CARRIER REMARKS
Lpp 5.0 m 4.5 m
B 0.726m 0.750m
d 0.271m 0.280m
Cy 0.572 0.820
m 57.45kg 78.98 kg mass
mx(0) 1.90kg 5.53 kg added m.
a —0.147 —0.163
b —0.286 ~0.293 ea.(3)
Fig. 13
c 0.496 0.329
D 0.186 m 0.114m prop. dia.
1—w 0.73 0.45
1t 0.90 (.81
Ce 0.94 1.23 Fig. 12
A 0.002078 0.000191
B 0.02003 0.01497 l eq.(5 )
C 0.000918 0.0000543
a 0.0037 0.000811
} eq.(6)
A —0.00545 —0.00100
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Fig.24 Thrust increase in irregular waves versus
speed (container ship, by YOSHINO et al.®)
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Table 2 Estimated values of Cy, C, Cy,
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Fig.26 Example of estimation of resistance Fig. 27 1242, B BR TORBEIERER S &, F
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Fig.27 Optimum acceleration time in waves (comparison between experiment and

estimation by eq. (31), container ship)
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Fig.31 Example of results of experiment on

thrust increace in waves (ore carrier,
x=150")
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Fig.32 Example of estimation of resistance
increase in waves versus speed

(ore carrier, x=150°, A/L=0.6, 1.0)

Table 3 Estimated values of Cy, G, &,
(ore carrier

AL 0.6 1.0

h(em) | 6.75 13.5 6.75 13.5
Co | 0.0045 | 0.0178 0.0056 | 0.0224
Cy | 0.00056 | 0,00226 | 0.0017 | 0.0068
Cy 0 0 0.0029 | 0.0115

Speed Reduction

Vo : Speedinstill water
VU : Speedin waves
X =150° Containership. %/ =1/667
W, 11.32rps, FN=0.25
895rps, FN=0.20
10—
08
o
06 - <
a Q\ Ore Carrier, R/ =1/50
04 - \ - 1910rps, FN=014
\A\ /\IGGO(ps, FN=012
02+
0 1 ! 1 I
0 05 1.0 15 20 A/L
Fig.33 Example of results of experiment on

speed loss in waves (container ship
and ore carrier, x=150°, revolution
constant)
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Block diagram of a renewed data
processing system of an automatic

course plotting apparatus
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PROGAM NAME "COURSE1,

START

INPUT
ship name

[
INPUT
test no.

|
INITIALIZE
variables

[
START
interrupt task

S=0 parameter for START
E=0 parameter for STOP

interrupt for overflow data
input data from A, B counter
input data from C counter

IPREPARATION] contour of tank
for display for X-Y plotter

I
PREPARATION] axis of speed and course
for display for display

YES
J=1 J : counter for plotting
—>
YES
1<]J I : counter for input data
' NO
Fig. A2

NEWREITHIZ LI, KDL ) % 2BOERED
EmamERICcERI NS,

B+ ln— mnu=0 (A.3)
T
D2+ ID—mn=0 (A.4)

DiRE a, BEBCL

mﬁzzéu%ﬁﬁm (A.5)

interrupt for START and STOP,

PLOTTING
trajectory | X —Y plotter
|
DRAWING display

speed, course

J=J+1
YE
S IMAX : number of
input data
NO
STOP Cancel of interrupt
interrupt task approval

[
START

parallel task DATA SAVE | floppy

[

PLOTTING X-Y

external signal| plotter OUTPUT LP
[ | ——
PLOTTING X-Y Speed, course
speed, course | plotter |between arbitrary
2 points

STOP
Synchronis: parallel task

with parallel
NO task

Flow chart of a program of the renewed data processing system
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